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BALLAST WATER TREATMENT
APPARATUS AND BALLAST WATER
MANAGEMENT SYSTEM

TECHNICAL FIELD

The present invention relates to an apparatus for treating
ballast water stored 1n a ship and a ballast water management

system 1ncluding an apparatus for treating ballast water.

BACKGROUND ART

Ballast water 1s seawater or the like carried in a ship to
provide safe voyage in the sea when the ship carries no
cargo. Ballast water 1s taken up from a seawater environ-
ment around a ship at a departure port of the ship and loaded
into the shup. The ballast water 1s discharged around the ship
at a destination port of the ship.

The ballast water 1s discharged into a seawater environ-
ment different from a seawater environment where the
ballast water 1s taken up. Organisms in the ballast water are
transported to a seawater environment different from their
original habitat, resulting in a problem 1n that the organisms
in the ballast water aflect the ecosystem 1n the seawater
environment nto which the ballast water 1s discharged.

In order to solve this problem, various methods for
performing a purification treatment of ballast water have
been developed. For example, Japanese Unexamined Patent
Application Publication No. 2013-23187 (PTL 1) discloses
a ballast water treatment apparatus for the purpose of
reliably and efliciently conducting a treatment for rendering,
ballast water harmless. This treatment apparatus includes a
filter and an ultraviolet 1rradiation unit. Untreated water
introduced 1nto a ballast water treatment line 1s first allowed
to pass through the filter. Next, the untreated water passes
through the ultraviolet irradiation unit. While the untreated
water passes through the ultraviolet irradiation unit, the
untreated water 1s 1rradiated with ultraviolet light. Conse-
quently, the untreated water 1s sterilized.

The above apparatus 1s provided i order to solve a
problem 1n that the amount of ultraviolet irradiation 1s
insuilicient 1n a state where untreated water has a very high
turbidity. Specifically, the treatment apparatus disclosed in
the above document discharges pumped untreated water
around a ship without allowing the untreated water to pass
through the ultraviolet 1rradiation unit until the 1lluminance
ol an ultraviolet lamp reaches a predetermined value. When
the 1lluminance of the ultraviolet lamp reaches the prede-
termined value, the pumped untreated water 1s allowed to
pass through the ultraviolet 1irradiation unit and poured 1nto

a ballast tank.

CITATION LIST
Patent Literature

PTL 1: Japanese Unexamined Patent Application Publica-
tion No. 2013-23187

SUMMARY OF INVENTION

Technical Problem

According to Japanese Unexamined Patent Application
Publication No. 2013-23187 (PTL 1), untreated water tlows
in a path that bypasses the filter until the illuminance of the
ultraviolet lamp reaches a predetermined value. When the
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2

illuminance of the ultraviolet lamp reaches the predeter-
mined value, the untreated water 1s allowed to pass through
the filter. The above document describes that an eflect of
reducing clogging of the filter 1s obtained by this method.

However, at the time when the untreated water 1s allowed
to pass through the filter, the filtration performance of the
filter may not be necessarily good. A low filtration perfor-
mance of the filter results in a problem of, for example, a
decrease in the performance for treating ballast water.

An object of the present invention 1s to provide a tech-
nique capable of enhancing the performance of a purification
treatment of ballast water during ballast water uptake.

Solution to Problem

A ballast water treatment apparatus according to an aspect
of the present invention includes a filtering device including
a filter for filtering seawater, an ultraviolet irradiation device
that 1rradiates the seawater filtered by the filter with ultra-
violet light, a first path for supplying the seawater filtered by
the filtering device to the ultraviolet irradiation device, a
discharge water path for discharging the seawater remaining
in the filtering device, a first valve provided 1n the first path,
a second path for supplying the seawater tlowing from the
ultraviolet irradiation device to a ballast tank, and a control
device. The control device closes the first valve and cleans
the filter by using the seawater introduced into the filtering,
device belore the seawater filtered by the filtering device 1s
supplied to the ultraviolet 1irradiation device.

According to this configuration, it 1s possible to enhance
the performance of a purification treatment of ballast water
during ballast water uptake. During the purification treat-
ment of ballast water, filtration of seawater by the filtering
device and ultraviolet irradiation of the seawater by the
ultraviolet 1rradiation device are performed. By cleaning the
filter of the filtering device prior to this purification treat-
ment, 1t 1s possible to reduce the possibility of poor filtration
performance of the filter at the time of starting the purifi-
cation treatment. Accordingly, the performance of a purifi-
cation treatment of ballast water can be enhanced.

A ballast water management system according to another
aspect of the present invention includes the above ballast
water treatment apparatus, a pump for supplying the sea-
water to the filtering device, and a ballast tank for storing the
seawater supplied through the second path.

According to this configuration, the performance of a
purification treatment of ballast water can be enhanced.

Accordingly, an increase in the time necessary for storing
ballast water in the ballast tank can be prevented.

Advantageous Elflects of Invention

According to the present invention, it 1s possible to
enhance the performance of a purification treatment of
ballast water during ballast water uptake.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s an overall diagram of a ballast water manage-
ment system according to an embodiment of the present
invention.

FIG. 2 1s a schematic view showing a structural example
of a control panel on the main body side of a ballast water
treatment apparatus.

FIG. 3 1s a schematic view showing a structural example
of a control panel on the bridge side of a ship.
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FIG. 4 1s a view illustrating a structural example of a
filtering device shown in FIG. 1.

FIG. 5 1s a cross-sectional view taken along line V-V of
FIG. 4.

FIG. 6 1s a schematic perspective view 1illustrating a
typical structure of a filter shown i FIG. 4.

FIG. 7 1s a diagram showing a structural example of an
ultraviolet 1rradiation device shown i FIG. 1.

FIG. 8 15 a table showing control contents determined by
a combination of setting of a control device on the ballast
water treatment apparatus side and setting of a control
device on the bridge side.

FIG. 9 1s a flowchart showing a tlow of the control shown
in FIG. 8.

FIG. 10 1s a flowchart explaining a flow of an operation
ol a ballast water treatment apparatus.

FIG. 11 1s a flowchart explaining a process during ballast
water uptake, according to an embodiment of the present
invention.

FI1G. 12 1s a diagram 1illustrating a process of step S101 of
FIG. 11.

FIG. 13 1s a diagram illustrating a process of step S102 of
FIG. 11.

FIG. 14 1s a diagram 1illustrating a process of step S103 of
FIG. 11.

FIG. 15 1s a graph illustrating a switching-on process of
UV lamps during water uptake.

FIG. 16 1s a diagram 1illustrating a process of step S104 of
FIG. 11.

FIG. 17 1s a diagram 1llustrating a process of steps S105
and S106 of FIG. 11.

FI1G. 18 1s a diagram 1llustrating a part of a process of step
S107 of FIG. 11.

FIG. 19 1s a diagram 1illustrating a process subsequent to
the process shown in FIG. 18.

FIG. 20 1s a tflowchart explaining a process during dis-
charge of ballast water, according to an embodiment of the
present invention.

FIG. 21 1s a diagram 1illustrating a process of steps S201
and S202 of FIG. 20.

FI1G. 22 1s a graph illustrating a switching-on process of
UV lamps during discharge of water.

FI1G. 23 1s a diagram 1illustrating a process of step S203 of
FIG. 20.

FI1G. 24 1s a diagram 1llustrating a process of step S204 of
FIG. 20.

FI1G. 25 1s a diagram illustrating intake of ballast water in
a BYPASS mode.

FI1G. 26 1s a diagram 1llustrating discharge of ballast water
in a BYPASS mode.

FIG. 27 1s a diagram showing a structural example for
performing reverse cleaning of a filter of a filtering device.

REFERENCE SIGNS LIST

1 ballast pump, 2 filtering device, 2A reverse cleaning
device, 3 ultraviolet 1rradiation device, 4 drainage pump, 3
ballast tank, 10 to 27 line, 27 pressurizing pipe, 31 to 36, 40
to 44 valve, 51, 52, 53, 54 flow meter, 61 filter, 62 untreated
water nozzle, 63, 141 case, 64 filtered water tflow path, 65
discharge flow path, 66 untreated water flow path, 67 nozzle
opening, 68 cleaning water tank, 70 chemical 1nlet, 71 outer
cylindrical portion, 72 lid portion, 73 bottom portion, 80
central pipe, 81 intake hole, 90 motor, 91 motor cover, 100
ballast water management system, 101 ballast water treat-
ment apparatus, 102 bypass system, 111, 112 control device,

121, 131 display panel, 122 bypass lamp, 123 BWMS enable
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lamp, 124, 132 operation mode switch, 123 processing mode
switch, 126, 133 BWMS preparation lamp, 127 BWMS start

button, 128 BWMS stop button, 129, 135 emergency stop
button, 134 start button, 142 UV lamp, 143 lamp power
supply, 144a to 144¢ illuminance sensor, C axis line, L1
straight line, L.2 curved line.

DESCRIPTION OF EMBODIMENTS

A ballast water treatment apparatus according to an aspect
of the present invention includes a filtering device including
a filter for filtering seawater, an ultraviolet 1rradiation device
that 1rradiates the seawater filtered by the filter with ultra-
violet light, a first path for supplying the seawater filtered by
the filtering device to the ultraviolet irradiation device, a
discharge water path for discharging the seawater remaining
in the filtering device, a first valve provided in the first path,

a second path for supplying the seawater flowing from the
ultraviolet 1rradiation device to a ballast tank, and a control
device. The control device closes the first valve and cleans
the filter by using the seawater introduced into the filtering,
device belfore the seawater filtered by the filtering device 1s
supplied to the ultraviolet 1rradiation device.

According to this configuration, 1t 1s possible to enhance
the performance of a purification treatment of ballast water
during ballast water uptake. During the purification treat-
ment of ballast water, filtration of seawater by the filtering
device and ultraviolet irradiation of the seawater by the
ultraviolet 1rradiation device are performed. By cleaning the
filter of the filtering device prior to this purification treat-
ment, 1t 1s possible to reduce the possibility of poor filtration
performance of the filter at the time of starting the purifi-
cation treatment. Accordingly, the performance of a purifi-
cation treatment of ballast water can be enhanced.

Preferably, the ballast water treatment apparatus further
includes a third path for discharging the seawater tlowing
from the ultraviolet irradiation device outside the ultraviolet
irradiation device, the third path being branched from the
second path, a second valve provided 1n the second path, and
a third valve provided in the third path. The ultraviolet
irradiation device includes an ultraviolet lamp disposed 1n a
path through which the seawater passes. During a switching-
on process of the ultraviolet lamp, the control device sets the
first valve and the third valve to an open state and sets the
second valve to a closed state. When the switching on of the
ultraviolet lamp 1s completed, the control device sets the
second valve to an open state and sets the third valve to a
closed state.

According to this configuration, cleaning of the filter of
the filtering device 1s performed by the time when switching
on of the ultraviolet lamp 1s completed. Accordingly, imme-
diately after the switching-on process of the ultraviolet lamp
1s completed, treatment of seawater can be performed. Thus,
a start-up time of the ballast water treatment apparatus can
be shortened.

Preferably, 1in the switching-on process of the ultraviolet
lamp, the control device controls an electric power supplied
to the ultraviolet lamp such that an i1lluminance of the
ultraviolet lamp becomes a maximum value, and when the
illuminance of the ultraviolet lamp reaches the maximum
value, the control device decreases the illuminance of the
ultraviolet lamp to a target value.

According to this configuration, the time necessary for the
switching-on process of the ultraviolet lamp can be short-
ened. Furthermore, after the illuminance of the ultraviolet
lamp reaches a maximum value, the illuminance of the
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ultraviolet lamp 1s decreased, thus saving the power con-
sumption of the ultraviolet lamp.

Preferably, after the ultraviolet lamp 1s switched off, the
control device sets the second valve to a closed state and sets
the third valve to an open state.

According to this configuration, aiter the ultraviolet lamp
1s switched off, the ultraviolet lamp can be cooled with
seawater passing through the ultraviolet irradiation device.

Preferably, the ballast water treatment apparatus further
includes a reverse cleaning device that supplies cleaning
water to the filtering device through the first path.

According to this configuration, the eflect of cleaning the
filter can be further enhanced. Accordingly, the performance
ol a purification treatment of ballast water can be enhanced.

A ballast water management system according to another
aspect of the present invention includes the above ballast
water treatment apparatus, a pump for supplying the sea-
water to the filtering device, and a ballast tank for storing the
seawater supplied through the second path.

According to this configuration, the performance of a
purification treatment of ballast water can be enhanced.
Thus, 1t 1s possible to prevent msufliciently treated ballast
water from entering the tank.

Preferably, the ballast water management system further
includes a bypass system for feeding seawater into the
ballast tank and discharging seawater from the ballast tank
while bypassing the ballast water treatment apparatus.

According to this configuration, for example, even 1n the
case¢ where treatment of seawater by the ballast water
treatment apparatus 1s not necessary or even in the case
where seawater cannot be treated by the ballast water
treatment apparatus, seawater can be fed into or discharged
from the ballast tank.

An embodiment of the present immvention will now be
described in detail with reference to the drawings. In the
drawings, the same or corresponding components are
assigned with the same reference numerals, and a descrip-
tion thereof 1s not repeated.

In the present embodiment, the term “ballast water” refers
to seawater stored in a ballast tank. Accordingly, i this
specification, 1n the case where ballast water 1s seawater, an
expression “ballast water (seawater)” may be used.

In the present embodiment, the term ““untreated water”
refers to seawater that 1s treated by a ballast water treatment
apparatus according to the present embodiment. As
described below, in the present embodiment, the term
“untreated water” covers not only seawater taken up from a
seawater environment to the ballast water treatment appa-
ratus but also “ballast water”. In the case where the term
“ballast water” and the term “untreated water” are not
necessarily distinguished from each other, the term “seawa-
ter” may be used.

<Configuration of ballast water management system>
FIG. 1 1s an overall diagram of a ballast water management
system according to an embodiment of the present inven-
tion. Referring to FIG. 1, a ballast water management system
100 according to an embodiment of the present invention 1s
installed 1n a ship (not shown). During unloading of cargo
from the ship, the ballast water management system 100
takes up seawater from a seawater environment around the
ship and stores the seawater as ballast water 1n a ballast tank
5. On the other hand, during loading of cargo into the ship,
the ballast water management system 100 discharges the
ballast water stored in the ballast tank 5 into a seawater
environment around the ship. The ballast tank 5 may be
separated into a plurality of sections.
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6
The ballast water management system 100 includes a
ballast water treatment apparatus 101, a bypass system 102,
and control devices 111 and 112. The ballast water treatment
apparatus 101 and the bypass system 102 are main compo-
nents of the ballast water management system 100 and can
be constituted as a ballast water management apparatus.

While taking up seawater from a seawater environment
around the ship, the ballast water treatment apparatus 101
performs a purification treatment of the seawater. Further-
more, while discharging ballast water (seawater) from the
ballast tank 5, the ballast water treatment apparatus 101 can
perform a purification treatment of the ballast water stored
in the ballast tank. In the present embodiment, the term
“purification” covers removal, killing, and inactivation of
microbes contained 1n seawater.

On the other hand, while taking up seawater from a
seawater environment around the ship, the bypass system
102 can load the uptaken seawater into the ballast tank 5
while the seawater bypasses the ballast water treatment
apparatus 101. Furthermore, while ballast water (seawater)
1s discharged from the ballast tank 5, the bypass system 102
can discharge the ballast water 1into the sea while the ballast
water bypasses the ballast water treatment apparatus 101.
Specifically, the bypass system 102 forms a path for feeding
ballast water ito the ballast tank 5 and discharging the
ballast water from the ballast tank 5 while the ballast water
bypasses the ballast water treatment apparatus 101. For
example, even in the case where treatment of seawater by
the ballast water treatment apparatus 101 1s not necessary or
even 1n the case where seawater cannot be treated by the
ballast water treatment apparatus 101, seawater can be fed
into or discharged from the ballast tank 5 through the bypass
system 102.

The ballast water treatment apparatus 101 and the bypass
system 102 share some of components. In the case where the
bypass system 102 has been already installed 1n a ship, the
ballast water management system 100 according to an
embodiment of the present mvention can be realized by
adding the ballast water treatment apparatus 101. Accord-
ingly, the ballast water management system 100 according to
an embodiment of the present invention can be installed 1n
the ship without significantly changing existing facilities.

The ballast water treatment apparatus 101 includes a
ballast pump 1, a filtering device 2, an ultraviolet 1rradiation
device 3, a dramnage pump 4, lines 10 to 22 for passing
seawater, valves 31 to 36, 40, 41, and 44, and flow meters
51, 52, 53, and 54. Each of the lines 1s realized by arranging
a pipe.

The line 10 1s a line for taking seawater from a seawater
environment. The line 11 1s a line for passing the seawater
that flows into the ballast pump 1. The line 12 1s a line for
passing the seawater that flows from the ballast pump 1. The
ballast pump 1 suctions seawater from the lines 10 and 11
and discharges the seawater to the line 12.

The line 12 1s branched into the line 13 and the line 14.
The line 13 1s a line for mtroducing the seawater 1nto the
filtering device 2. The line 14 forms a path that joins to the
line 15 while bypassing the filtering device 2. The valve 3
controls a tlow rate of the seawater flowing through the line
13. The valve 33 controls a flow rate of the seawater flowing
through the line 14.

The filtering device 2 filters seawater that flows in the
filtering device 2 through the line 13. The filtered seawater
flows from the filtering device 2 through the line 15. The line
15 guides the seawater filtered by the filtering device 2 to the
ultraviolet 1rradiation device 3. That 1s, the line 15 forms a
path for supplying the seawater filtered by the filtering
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device 2 to the ultraviolet irradiation device 3. The tlow
meter 52 measures a flow rate of the seawater flowing
through the line 15.

On the other hand, seawater that has not been filtered by
the filtering device 2 1s discharged from the filtering device
2 through the line 16. The line 17 1s branched from the line
16. The lines 16 to 18 form a discharge water path for
discharging seawater remaining in the filtering device 2.

The line 17 1s a line for discharging the seawater that
flows from the line 16 to the sea. The valve 35 is provided
in the line 17 and controls a flow rate of the seawater tlowing
through the line 17.

The line 16 1s connected to an inlet of the drainage pump
4. The line 18 1s a line for passing the seawater that tlows
from the drainage pump 4. The line 18 joins to the line 17.

The seawater discharged from the drainage pump 4 flows
through the line 18 and 1s discharged into the sea. The valve
36 15 provided 1n the line 18 and controls a flow rate of the
seawater flowing through the line 18. The flow meter 53
measures a flow rate of the seawater flowing through the line
18.

The drainage pump 4 i1s smaller than the ballast pump 1.
Specifically, a discharge capacity of the drainage pump 4 1s
lower than the discharge capacity of the ballast pump 1. By
using a small pump as the drainage pump 4, a reduction in
the size of the ballast water treatment apparatus 101 can be
realized.

The ultraviolet 1rradiation device 3 includes an ultraviolet
(UV) lamp (not shown). The seawater flowing through the
line 15 1s passed through the ultraviolet 1rradiation device 3.
The seawater passing through the ultraviolet irradiation
device 3 1s rradiated with ultraviolet light emitted from the
ultraviolet lamp. Untreated water 1s filtered by a filter 61
(refer to FIG. 4) and then wrradiated with ultraviolet light 1n
the ultraviolet irradiation device 3. Accordingly, even when
a small UV lamp 1s used, an eflect of killing microbes
inhabiting 1n the filtered seawater can be obtained. By using
a small UV lamp in the ultraviolet irradiation device 3,
advantages such as a reduction 1n the size of the device and
saving ol power consumption can be obtained.

The line 19 1s a line for passing the seawater that flows
from the ultraviolet 1rradiation device 3. The line 20 1s a line
for branching, from the line 19, the seawater that flows from
the ultraviolet irradiation device 3 and guiding the seawater
to the ballast tank 5. The line 21 1s connected to the line 20
through the valve 40. The line 21 1s a line for pouring the
seawater to the ballast tank 5. That 1s, the lines 19, 20, and
21 form a path for supplying the untreated water tlowing
from the ultraviolet irradiation device 3 to the ballast tank 5.

Note that the line 21 also functions as a line for discharg-
ing seawater from the ballast tank 5. A flow meter 54
measures a flow rate of seawater tlowing through the line 21.

The line 22 1s branched from the line 19 and forms a path
for discharging the seawater that flows from the ultraviolet
irradiation device 3 through the line 19 to the sea. The valve
41 1s provided 1n the line 22 and controls a flow rate of the
seawater flowing through the line 22.

Each of the valves 31, 32, 33, 35, 36, 40, and 41 1s, for
example, a proportional control valve. The opening degree
of each of the valves 1s controlled by a signal mput to the
valve. The valve 34 1s, for example, an on-ofl valve. The
valve 34 switches the state thereol between an open state and
a closed state 1n accordance with a signal 1nput to the valve
34. The valve 34 may be a proportional control valve.

The bypass system 102 includes a ballast pump 1, lines 10
to 12 and 20 to 24, and valves 31, and 40 to 43. As in the

ballast water treatment apparatus, each of the lines 1s real-
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1zed by arranging a pipe. The ballast pump 1, the lines 10,
11, 12, 20, and 21, and the valves 31 and 40 are components
common to the ballast water treatment apparatus 101 and the
bypass system 102. Therelore, a detailed description of these
components 1s not repeated below.

The line 23 1s connected to the line 21 through the valve

42. The valve 42 controls a flow rate of seawater tlowing
through the line 23.

The line 24 1s branched from the line 19 and connected to
the line 12. The valve 43 1s provided in the line 24 and
controls a tlow rate of seawater flowing through the line 24.

Each of the valves 42 and 43 1s, for example, a propor-
tional control valve. The opening degree of each of the
valves 1s changed 1n accordance with the magmtude of an
input signal.

The ballast water management system 100 further
includes the control devices 111 and 112. The control
devices 111 and 112 can be operated by an operator (not
shown). An operation of a control device by an operator
corresponds to an input of an instruction to the control
device by the operator.

The control devices 111 and 112 receive an instruction
from an operator and control the ballast water management
system 100 1n accordance with the instruction. That 1s, the
control devices 111 and 112 also function as setting devices
for setting an operation mode of the ballast water manage-
ment system. Specifically, the control devices 111 and 112
control driving and stopping of the ballast pump 1 and the
drainage pump 4. Furthermore, the control devices 111 and
112 control the open/close or the opening degree of each of
the valves shown 1n FIG. 1. Furthermore, the control devices
111 and 112 control switching on and switching off of an UV
lamp (not shown) included in the ultraviolet irradiation
device 3.

The control devices 111 and 112 each have a communi-
cation function. The control device 111 can grasp its setting
and transmit information relating to the setting to the control
device 112. Similarly, the control device 112 can grasp 1ts
setting and transmit information relating to the setting to the
control device 111. Accordingly, the control device 111 and
the control device 112 can be installed 1n separate places.

For example, the control device 111 is installed near the
ballast water treatment apparatus 101. On the other hand, the
control device 112 1s mstalled in, for example, a bridge. In
accordance with this arrangement of the control devices 111
and 112, an operator can perform remote control of the
ballast water management apparatus (ballast water treatment
apparatus 101 and the bypass system 102) by using the
control device 112 1n the bridge.

The operator can control the operation and stop of the
ballast water management system 100 by operating any one
of the control devices 111 and 112. Furthermore, by oper-
ating any one of the control devices 111 and 112, the
operator can switch the operation mode of the ballast water
management system 100 between a ballast water treatment
mode (referred to as “BWMS” (ballast water management
system) mode 1n the present embodiment) and a bypass
(“BYPASS”) mode. The ballast water treatment mode 1s a
mode 1n which the ballast water treatment apparatus 101 1s
operated. The bypass mode 1s a mode 1n which the bypass
system 102 1s operated while the ballast water treatment
apparatus 101 1s stopped.

Furthermore, 1n the case where the operation mode of the
ballast water management system 100 1s the BWMS mode,
the operator can switch a processing mode by operating any
one ol the control devices 111 and 112. In the present
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embodiment, the processing mode includes a “Manual
mode”, a “Ballast mode”, and a “De-Ballast mode”.

The “Manual mode” 1s a mode 1 which an operator
specifles a particular valve in operating any of the control
devices 111 and 112, and specifies the open/close or the
opening degree of the valve. The “Ballast mode” 1s a mode
in which the ballast water management system 100 performs
a process including taking up seawater from the sea, treating
the seawater, and pouring the treated seawater into the
ballast tank 5. The “De-Ballast mode” 1s a mode 1n which the
ballast water management system 100 performs a process of
discharging ballast water (seawater) stored i1n the ballast
tank 5 to the sea. In the “Ballast mode™ and the “De-Ballast
mode”, each of the valves 1s automatically controlled by the
control device 111 or 112.

In an embodiment, the control devices 111 and 112 are
realized as control panels. FIG. 2 1s a schematic view
showing a structural example of a control panel on the main
body side of a ballast water treatment apparatus. Referring
to FIG. 2, a control device 111 (control panel) includes a
display panel 121, a bypass lamp 122, a BWMS enable lamp
123, an operation mode switch 124, a processing mode
switch 125, a BWMS preparation lamp 126, a BWMS start
button 127, a BWMS stop button 128, and an emergency
stop button 129.

The display panel 121 displays, for example, an operation
state of the ballast water management system 100. In an
embodiment, the display panel 121 has a function of a touch
panel. With this structure, an operator can input various
types of setting to the control device 111 by touching the
display panel 121 (touch panel).

The bypass lamp 122 1s a lamp for indicating that the
operation mode of the ballast water management system 100
1s 1n the BYPASS mode. When the operation mode of the
ballast water management system 100 1s in the BYPASS
mode, the bypass lamp 122 switches on. On the other hand,
when the operation mode of the ballast water management
system 100 1s 1n the BWMS mode or when the setting of the
operation mode of the ballast water management system 100
differs between the control device 111 and the control device
112, the bypass lamp 122 switches ofl.

The BWMS enable lamp 123 1s a lamp for indicating a
state 1n which the ballast water treatment apparatus 101 can
be used. The “state 1n which the ballast water treatment
apparatus 101 can be used” refers to a state 1n which, 1n both
the control device 111 and the control device 112, the
operation mode of the ballast water management system 100
1s set to the BWMS mode. In this case, the BWMS enable
lamp 123 switches on.

On the other hand, when the setting of the operation mode
of the ballast water management system 100 differs between
the control device 111 and the control device 112, the ballast
water treatment apparatus 101 1s in a state 1n which the
ballast water treatment apparatus 101 cannot be used. In this
case, the BWMS enable lamp 123 blinks. When the opera-
tion mode of the ballast water management system 100 1s in
the BYPASS mode, the BWMS enable lamp 123 switches
ofl. In this manner, the BWMS enable lamp 123 varies 1ts
indication form through switched on, blinking, and switched
ofl. Thus, the operator can easily see whether or not the
setting of the operation mode 1s the same between the
control device 111 and the control device 112.

The operation mode switch 124 1s a switch used by the
operator to notily the control device 111 of the operation
mode of the ballast water treatment apparatus 101. Specifi-
cally, the operation mode switch 124 1s configured so that
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the operation mode of the ballast water treatment apparatus
101 can be switched between the BYPASS mode and the

BWMS mode.

The processing mode switch 125 1s a switch for instruct-
ing the processing mode of the ballast water treatment
apparatus 101 to the control device 111 by the operator when
the BWMS mode 1s selected. Specifically, the processing
mode switch 125 1s configured so that the processing mode
of the ballast water treatment apparatus 101 can be switched
among the “Manual mode”, the “Ballast mode”, and the
“De-Ballast mode”.

The BWMS preparation lamp 126 blinks during start-up
of the ballast water treatment apparatus 101. When the
start-up of the ballast water treatment apparatus 101 1s
completed, the blinking rate of the BWMS preparation lamp
126 increases. The BWMS preparation lamp 126 becomes
sufliciently bright so as to distinguish the state where the
ballast water treatment apparatus 101 1s under start-up from
the state where the start-up of the ballast water treatment
apparatus 101 1s completed. Accordingly, the BWMS prepa-
ration lamp 126 may switch on during the start-up of the
ballast water treatment apparatus 101, and the BWMS
preparation lamp 126 may blink when the start-up of the
ballast water treatment apparatus 101 1s completed. The term
“switched on” refers to a state in which light 1s continuously
emitted. The term “blinking” refers to a state in which a
light-emitting state and a non-light-emitting state are alter-
nately repeated.

The BWMS start button 127 1s an operation bottom used
by the operator to instruct the control device 111 to start a
purification treatment of seawater using the ballast water
treatment apparatus 101. The BWMS stop button 128 1s an
operation bottom used by the operator to mstruct the control
device 111 to stop the purification treatment of seawater
using the ballast water treatment apparatus 101. When the
operator pushes the BWMS start button 127, the control
device 111 receives an instruction of the start of the purifi-
cation treatment of seawater. When the operator pushes the
BWMS stop button 128, the control device 111 receives an
instruction of the stop of the treatment of puritying seawater.

The emergency stop button 129 1s an operation button for
stopping the operation of the ballast water treatment appa-
ratus 101 in case of emergency.

FIG. 3 1s a schematic view showing a structural example
ol a control panel on the bridge side of a ship. Referring to
FIG. 3, the control device 112 (control panel) includes a
display panel 131, an operation mode switch 132, a BWMS
preparation lamp 133, and a start button 134, and an emer-
gency stop button 135.

The display panel 131 displays an operation state of the
ballast water management system 100. For example, the
display panel 131 displays an operation mode set by an
operator.

As 1n the display panel 121 shown in FIG. 2, 1n an
embodiment, the display panel 131 may have a function of
a touch panel. With this structure, the function possessed by
the control device 111 shown 1n FIG. 2 can be realized by the
display panel 131 (touch panel). For example, 1n the case
where the operation mode 1s set to the BWMS mode, the
operator can select the processing mode and notily the
control device 112 of the selected processing mode by
touching the display panel 131 (touch panel). In this case,
the display panel 131 can display the selected processing
mode.

Similarly to the operation mode switch 124 shown in FIG.
2, the operation mode switch 132 1s a switch used by the
operator to notily the control device 112 of the operation




US 9,908,793 B2

11

mode of the ballast water treatment apparatus 101. The
operation mode switch 132 1s configured so that the opera-
tion mode of the ballast water treatment apparatus 101 can
be switched between the BYPASS mode and the BWMS
mode.

The BWMS preparation lamp 133 performs the same
operation as that of the BWMS preparation lamp 126 shown
in FIG. 2. Specifically, the BWMS preparation lamp 133
blinks during start-up of the ballast water treatment appa-
ratus 101. When the start-up of the ballast water treatment
apparatus 101 1s completed, the blinking rate of the BWMS
preparation lamp 133 increases.

The start button 134 1s an operation button used by the
operator to notily the control device 112 of the operation of
the ballast water management system 100 in a selected
operation mode. The emergency stop button 135 1s an
operation button for stopping the operation of the ballast
water treatment apparatus 101 1n case of emergency.

As shown 1n FIGS. 2 and 3, the control device 111 and the
control device 112 have diflerent structures. However, the
structures of the control devices 111 and 112 are not limited
thereto. The control device 111 and the control device 112
may have the same structure. In the description below, 1t 1s
assumed that the display panels 121 and 131 are touch
panels and can receive the operation of an operator.

<Structure of Ballast Water Treatment Apparatus>

FIG. 4 1s a view 1llustrating a structural example of the
filtering device 2 shown 1n FIG. 1. FIG. 3 1s a cross-sectional
view taken along line V-V of FIG. 4.

Referring to FIGS. 4 and 5, seawater which 1s untreated
water passes through a untreated water tlow path 66 corre-
sponding to the line 13 of FIG. 1 and 1s supplied to the iside
of a case 63. A filter 61 having a cylindrical shape 1is
provided in the case 63. An axis line C denotes a central axis
of the filter 61 (cylinder). In other words, the filter 61 1s
arranged so as to surround the axis line C.

A motor 90 1s connected to the central axis of the filter 61.
When an electric power 1s supplied from a driving device
(not shown), the motor 90 rotates the filter 61 around the axis
line C as a center. The motor 90 1s covered with a motor
cover 91. The motor 90 1s controlled by, for example, the
control device 111.

An upper surface and a lower surface of the cylinder of
the filter 61 are sealed 1n a watertight manner. A rotatable
attachment structure also needs to have a watertight struc-
ture. However, the structure 1s not particularly limited and a
known structure may be used.

The case 63 covers the whole of the filter 61. The case 63
includes an outer cylindrical portion 71, a lid portion 72, and
a bottom portion 73. A discharge flow path 65 corresponding
to the line 16 of FIG. 1 1s provided in the bottom portion 73.
The untreated water flow path 66 and an untreated water
nozzle 62 are provided inside the case 63 in order to
introduce seawater as the untreated water. A chemical inlet
70 1s provided on the lid portion of the case 63. However, the
chemical inlet need not necessarily be provided in the case
63.

The untreated water nozzle 62 is provided so as to extend
from the untreated water flow path 66. A nozzle opening 67
1s formed at an end of the untreated water nozzle 62. The

nozzle opening 67 1s arranged in the outer cylindrical
portion 71 of the case 63. The nozzle opening 67 1s formed
so that the untreated water tlows out from the nozzle opening
67 toward an outer circumiferential surface of the filter 61.
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A central pipe 80 1s arranged on the axis line C. The
central pipe 80 1s connected to a filtered water tlow path 64
corresponding to the line 15 of FIG. 1. Note that the central
pipe 80 does not rotate.

FIG. 6 1s a schematic perspective view 1llustrating a
typical structure of the filter 61 shown 1n FIG. 4. Referring
to FIGS. 5 and 6, the filter 61 1s a pleated filter. A so-called
pleated shape 1s formed by folding a planar strip-shaped
base so as to have alternating peaks and valleys. A cylin-
drical pleated filter 1s formed by connecting two ends of the
pleated base to each other.

A porous resin sheet 1s used as the base of the filter. Exam
pies of the material of the porous resin sheet that can be used
include porous structures such as a stretched porous body, a
porous body by phase separation, and a non-woven cloth
that are composed of polyester, nylon, polyethylene, poly-
propylene, polyurethane, polytetrafluoroethylene (PTFE),
polyvinylidene fluoride (PVdF), or the like. In order to
perform a filtration treatment at a high flow rate, a non-
woven cloth composed of a polyester such as polyethylene
terephthalate 1s particularly suitably used.

Referring to FIGS. 4 and 3 again, untreated water passes
through the untreated water tlow path 66, and 1s ejected from
the nozzle opening 67 of the untreated water nozzle 62. The
untreated water ejected from the nozzle opeming 67 1s
permeated from the outside of the cylinder of the filter 61 to
the 1inside of the cylinder thereof. Accordingly, the untreated
water 1s filtered. The untreated water filtered by permeating
the filter 61 1s guided to the filtered water flow path 64
through intake holes 81 provided 1n the central pipe 80, and
allowed to tlow to the outside of the filtering device 2.

On the other hand, untreated water that has not been
filtered by the filter 61 and suspensoid precipitated on the
bottom portion 73 of the case 63 are discharged outside the
filtering device 2 through the discharge tlow path 65. The
filtration 1s performed while the suspensoid or the remaining
untreated water 1s continuously discharged in this manner.
With this structure, an amount of treatment (for example, 10
to 20 ton/h, and furthermore, 100 ton/h) which 1s required as
an amount of treatment of ballast water can be ensured.

In the operation described above, suspensoid adheres to
the outer circumierential surface of the filter 61. According
to the structure shown 1n FIG. 4, the motor 90 rotates the
filter 61. The untreated water e¢jected from the nozzle
opening 67 comes 1n contact with the outer circumierential
surface of the rotating filter 61. A strcam of water 1s
constantly generated on the outer circumierential surface of
the filter 61 by a pressure of the untreated water and a
rotating stream of water. In this case suspensoid adhering to
the filter 61 1s easily removed. That 1s, according to the
present embodiment, in addition to the eflect of filtering
untreated water, a certain cleaning eflect can also be
obtained.

FIG. 7 1s a diagram showing a structural example of the
ultraviolet 1irradiation device 3 shown 1n FIG. 1. Referring to
FI1G. 7, the ultraviolet irradiation device 3 includes a case
141, UV lamps 142, a lamp power supply 143, and 1llumi-
nance sensors 144a, 1445, and 144c.

The case 141 1s arranged between the line 15 and line 19.
The case 141 houses the UV lamps 142. Untreated water
passes 1nside the ultraviolet irradiation device 3 through the
lines 15 and 19.

The untreated water passing through the 1nside of the case
141 1s irradiated with ultraviolet light emitted from the UV
lamps 142. As described above, switching on and switching
ofl of the UV lamps 142 are controlled by the control device
111 or the control device 112.
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The i1lluminance sensors 144a to 144¢ each measure an
1lluminance of ultraviolet light emitted from the correspond-
ing UV lamp 142 and transmitted through the untreated
water. The 1lluminance detected by each of the i1lluminance
sensors 1s transmitted from the illuminance sensors to the
control device 111. On the basis of the results detected by the
illuminance sensors 144a to 144c¢, the control device 111
istructs the lamp power supply 143 on a ratio relative to a
maximum electric power of the UV lamps 142. The lamp
power supply 143 supplies each of the UV lamps 142 with
an electric power corresponding to the instructed ratio.

<Control of Ballast Water Management System>

1. Setting of Operation Mode

As described above, for the purpose of setting an opera-
tion mode of the ballast water management system 100, an
operator of the ballast water management system 100 can
operate both the control device 111 and the control device
112. In the case where there 1s only a single device for
setting (and monitoring) the ballast water management sys-
tem 100, the operator must move to an installation place of
the control device 111. In the case of a large structure such
as a ship, the operator may need a large labor for moving to
the 1nstallation place of the control device 111.

According to the present embodiment, the ballast water
management system 100 includes a plurality of control
devices used by an operator to set (and monitor) an operation
mode of the ballast water management system 100. The
plurality of control devices can be separately arranged 1n a
ship. Accordingly, the operator can use a control device
arranged near the operator. Thus, convenience of the opera-
tor can be enhanced.

On the other hand, since the operation mode of the ballast
water management system 100 can be set by each of the
control devices 111 and 112, the setting of the operation
mode may differ between the control device 111 and the
control device 112 at a certain time. More specifically, there
may be a case where the setting of the operation mode
switch 124 shown 1n FIG. 2 and the setting of the operation
mode switch 132 shown 1n FIG. 3 differs from each other.

In the present embodiment, when the setting of an opera-
tion mode of the ballast water management system 100 in
the control device 111 1s the same as that in the control
device 112, the ballast water management system 100 allows
the operation in the operation mode. The ballast water
management system 100 can operate in accordance with the
set operation mode. In contrast, when the setting of an
operation mode differs between the control device 111 and
the control device 112, the ballast water management system
100 allows neither the operation 1n the operation mode set 1n
the control device 111 nor the operation in the operation
mode set 1 the control device 112.

In an embodiment, the control device 111 determines
allowance and prohibition of the operation of the ballast
water management system 100. More specifically, the con-
trol device 111 checks the setting of the operation mode of
the ballast water management system 100 in the control
device 111. The control device 111 further acquires, from the
control device 112, information relating to the setting of the
operation mode of the ballast water management system 100
in the control device 112. When the setting 1n the control
device 112 i1s the same as that in the control device 111, the
control device 111 allows the ballast water management
system 100 to operate in the operation mode.

The ballast water management system 100 can be oper-
ated 1n a correct operation mode as a result of the control
described above. The term ““correct operation mode” refers
to an operation mode intended by an operator. In other
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words, the above control can prevent the ballast water
management system 100 from operating in an operation
mode that 1s not intended by an operator.

Another control 1s conceivable in the case where the
setting of the operation mode differs between the control
device 111 and the control device 112. For example, 1t 1s
assumed that the setting 1n the control device 111 constantly
takes precedence over the setting in the control device 112.
That 1s, when the setting differs between the control device
111 and the control device 112, the setting 1n the control
device 111 1s constantly determined to be correct.

However, 1n the case where the setting differs between the
control device 111 and the control device 112 and the setting
in the control device 112 difiers from the setting intended by
the operator, an incorrect operation mode (that 1s not
intended by the operator) 1s set to the ballast water man-
agement system 100.

In the present embodiment, 1n the case where the setting
of the operation mode 1n the control device 111 is the same
as that 1n the control device 112, the ballast water manage-
ment system 100 can operate in the operation mode. Accord-
ingly, the operation of the ballast water management system
100 1n an mcorrect operation mode can be prevented.

Furthermore, in the case where the ballast water manage-
ment system 100 does not operate even though an operator
sets the operation mode of the ballast water management
system 100 by using one of the control devices 111 and 112
(for example, control device 111), the operator 1s able to see
that a mode different from the operation mode intended by
the operator 1s set 1n the other of the control devices 111 and
112 (for example, control device 112). In this case, for
example, setting of the control device 112 can be corrected
by 1nstructing another operator present near the control
device 112 to correct the setting of the operation mode of the
control device 112.

Both the control device 111 and the control device 112
may determine the allowance and prohibition of the opera-
tion of the ballast water management system 100, and
exchange the determination results. When the determination
result of the control device 111 1s the same as the determi-
nation result of the control device 112, one of the control
devices 111 and 112 (for example, control device 111) allows
or prohibits the operation of the ballast water management
system 100 in accordance with the determination results.
Also 1 this case, 1t 1s possible to prevent the ballast water
management system 100 from operating in an operation
mode that 1s not intended by the operator.

FIG. 8 1s a table showing control contents determined by
a combination of setting of the control device 111 on the
ballast water treatment apparatus 101 side and setting of the
control device 112 on the bridge side.

Referring to FIG. 8, the term “apparatus main body side”
refers to the control device 111 installed on the ballast water
treatment apparatus 101 side. The term “bridge side” refers
to the control device 112 installed on the bridge side.

In the case where both the operation mode switch 124 of
the control device 111 and the operation mode switch 132 of
the control device 112 are set to the BWMS mode, the
BWMS enable lamp 123 of the control device 111 switches
on. In this case, the ballast water treatment apparatus 101
can be used. Accordingly, the ballast water management
system 100 allows the operation 1n the BWMS mode.

In the case where both the operation mode switch 124 of
the control device 111 and the operation mode switch 132 of
the control device 112 are set to the BYPASS mode, the
bypass lamp 122 of the control device 111 switches on. In
this case, the ballast water treatment apparatus 101 1s 1n an
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unusable state. Accordingly, the ballast water management
system 100 allows the operation 1n the BYPASS mode.
In the case where the one of the operation mode switch

124 of the control device 111 and the operation mode switch
132 of the control device 112 1s set to the BWMS mode and

the other 1s set to the BYPASS mode, the BWMS enable
lamp 123 of the control device 111 blinks. In this case,
neither the operation of the ballast water treatment apparatus
101 nor the operation of the bypass system 102 1s allowed.
The start-up of the ballast water management system 100 1s
also not allowed.

FI1G. 9 15 a flowchart showing a flow of the control shown
in FIG. 8. In an embodiment, this control 1s performed by the
control device 111. Referring to FIG. 9, in step S1, the
control device 111 determines whether or not both the
setting of the operation mode (operation mode switch 124,
132) of the control device (i.e., the control device 111) on
“the apparatus main body side” and the setting of the
operation mode of the control device (1.¢., the control device
112) on “‘the bridge side” are each the BWMS mode.

In the case where both the setting 1n the control device 111
and the setting in the control device 112 are each the BWMS
mode (YES 1n step S1), the process proceeds to step S2. In
step S2, the control device 111 determines the operation
mode of the ballast water management system 100 to the
BWMS mode. Accordingly, the ballast water management
system 100 allows an operation 1n the BWMS mode.

Next, 1n step S3, the control device 111 sets the ballast
water treatment apparatus 101 to a usable state. Specifically,
the control device 111 receives an operation of the control
device 111 or the control device 112 by an operator. Accord-
ingly, when the operator operates the processing mode
switch 125, the ballast water treatment apparatus 101 can be
operated 1n a processing mode set by the processing mode
switch 1235. In addition, treatment of untreated water by the
ballast water treatment apparatus 101 can be started and
stopped by operating the BWMS start button 127 and the
BWMS stop button 128. Furthermore, in the control device
112, the treatment of untreated water by the ballast water
treatment apparatus 101 can be started by operating the start
button 134.

Subsequently, in step S4, the control device 111 switches
on the BWMS enable lamp 123.

In contrast, i1n the case where the at least one of the
operation mode of the control device 111 and the operation
mode of the control device 112 1s set to a mode different
from the BWMS mode (NO 1n step S1), the process pro-
ceeds to step S5.

In step S5, the control device 111 determines whether or
not both the setting of the operation mode of the ballast
water management system 100 1n the control device 111 (on
the apparatus main body side) and the setting of the opera-
tion mode of the ballast water management system 100 in
the control device 112 (on the bridge side) are each the
BYPASS mode. In the case where both the setting of the
control device 111 and the setting in the control device 112
are each the BYPASS mode (YES 1n step S5), the process
proceeds to step S6.

In step S6, the control device 111 determines the operation
mode of the ballast water management system 100 to the
BYPASS mode. Accordingly, the ballast water management
system 100 allows an operation 1n the BYPASS mode.

Next, 1 step S7, the control device 111 sets the ballast
water treatment apparatus 101 to an unusable state. Specifi-
cally, the control device 111 invalidates the setting of the
processing mode of the ballast water treatment apparatus
101 by the processing mode switch 125. In addition, opera-
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tions of the BWMS start button 127 and the BWMS stop
button 128 are invalidated. On the other hand, in the control
device 112, the ballast water management system 100 can be
operated 1n the BYPASS mode by operating the start button
134.

Subsequently, 1n step S8, the control device 111 switches
on the bypass lamp 122.

In the case where both the setting of the operation mode
in the control device 111 (on the apparatus main body side)

and the setting of the operation mode 1n the control device

112 (on the bridge side) are neither the BWMS mode nor the
BYPASS mode (NO 1n step S5), the process proceeds to step
S9. In this case, in one of the control device 111 and the
control device 112, the operation mode of the ballast water
management system 100 1s set to the BWMS mode, and, in
the other control device, the operation mode of the ballast
water management system 100 1s set to the BYPASS mode.
That 1s, the setting differs between the control device 111
and the control device 112.

In step S9, the control device 111 sets the ballast water
treatment apparatus 101 to an unusable state. The process in
step S9 1s the same as the process 1n step S7, and thus a
subsequent detailed description thereot 1s not repeated. Note
that the bypass system 102 1s also set to an unusable state.
Accordingly, 1n the ballast water management system 100,

neither the operation in the BWMS mode nor the operation
in the BYPASS mode 1s allowed.

In step S10, the control device 111 blinks the BWMS
cnable lamp 123.

FIG. 10 1s a flowchart explaiming a flow of an operation
of the ballast water treatment apparatus 101. Referring to
FIG. 10, 1n step S11, the ballast water treatment apparatus
101 recerves a start-up mstruction. Specifically, the operator
sets each of the operation mode of the control device 111 and
the operation mode of the control device 112 to the BWMS
mode. Consequently, the control device 111 receives a
start-up instruction from the operator.

In step S12, the ballast water treatment apparatus 101
selects a processing mode. Specifically, the control device
111 selects a processing mode 1n accordance with the setting,
of the processing mode switch 125 by the operator. Accord-
ingly, one processing mode 1s selected from the Manual
mode, the Ballast mode, and the De-Ballast mode.

In step S13, the ballast water treatment apparatus 101
allows the ballast pump 1 to operate. This process 1s started
by, for example, mmputting an operation instruction of the
ballast pump 1 to the control device 111 or 112 by the
operator through an operation on the display panel 121 of the
control device 111 or an operation on the display panel 131
of the control device 112.

In step S14, the control device 111 blinks the BWMS
preparation lamp 126 (simply expressed by “preparation
lamp™ 1n FIG. 10).

In step S15, the control device 111 switches on the UV
lamps 142 (refer to FIG. 7) of the ultraviolet irradiation
device 3.

In step S16, switching on of the UV lamps 142 1s
completed. In step S17, the control device 111 blinks the
BWMS preparation lamp 126 rapidly. That 1s, the blinking
rate of the BWMS preparation lamp 126 increases.

In step S18, the control device 111 receives a process start
instruction of the ballast water treatment apparatus 101.
Specifically, when the operator pushes the BWMS start
button 127 of the control device 111, the process start
instruction 1s mput to the control device 111. Alternatively,
when the operator pushes the start button 134 of the control
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device 112, the process start instruction 1s mput from the
control device 112 to the control device 111.

In step S19, the ballast water treatment apparatus 101
carries out a process in the mode selected 1n the process of
step S12. In step S20, the process 1s completed.

In step S21, the control device 111 receives a stop
istruction of the ballast water treatment apparatus 101.
Specifically, when the operator pushes the BWMS stop
button 128 of the control device 111, the stop instruction 1s
input to the control device 111. Alternatively, when the
operator operates the display panel 131 of the control device
112, the stop 1nstruction 1s mput from the control device 112
to the control device 111. In step S22, the control device 111
stops the ballast pump 1.

2. Process in BWMS Mode (Ballast Mode)

FIG. 11 1s a flowchart explaining a process during ballast
water uptake, according to an embodiment of the present
invention. An outline of the process of ballast water uptake
will be described with reference to FIGS. 1 and 11. First, in
step S101, the ballast water treatment apparatus 101 starts
driving of the ballast pump 1. The ballast pump 1 takes up
seawater as untreated water from the sea. The untreated
water flows from the ballast pump 1 to the filtering device
2. In this case, cleaning of the filter 61 1s performed 1n the
filtering device 2 by using the untreated water (seawater).
The untreated water after the cleaning of the filter 61 1s
returned to the sea.

In step S102, the ballast water treatment apparatus 101
starts driving of the drainage pump 4. In step S103, the
ballast water treatment apparatus 101 starts switching on of
the UV lamps 142 of the ultraviolet 1rradiation device 3.
Furthermore, the filtering device 2 starts filtration of the
untreated water. However, until the switching on of the UV
lamps 142 1s completed, the untreated water filtered 1n the
filtering device 2 1s returned to the sea without being sent to
the ballast tank 5, though the untreated water passes through
the ultraviolet 1rradiation device 3.

When the illuminance of each of the UV lamps 142
reaches a predetermined value, a switching-on process of the
UV lamps 142 1s completed. Subsequently, the process
proceeds to step S104.

In step S104, the untreated water 1s supplied as ballast
water to the ballast tank 5. That 1s, the untreated water
flowing from the ultraviolet irradiation device 3 1s sent to the
ballast tank 5.

In step S105, the supply of ballast water to the ballast tank
5 1s stopped. For example, an operator checks the water level
of ballast water in the ballast tank 5, and performs an
operation for stopping the supply of ballast water. This
operation may be an operation of pushing the BWMS stop
button 128 of the control device 111. Alternatively, the
operator may operate the display panel 131 of the control
device 112.

In step S106, the ballast water treatment apparatus 101
switches off the UV lamps 142 of the ultraviolet 1rradiation
device 3. Untreated water filtered by the filtering device 2
passes through the ultraviolet irradiation device 3 and 1s
returned to the sea. Next, the filtration of untreated water 1n
the filtering device 2 1s finished. In an embodiment, in this
case, after the filtration of untreated water 1s finished, the
filter 61 1s cleaned 1n the filtering device 2 by using untreated
water (seawater).

In step S107, the ballast water treatment apparatus 101
stops the drainage pump 4. In step S108, the ballast water
treatment apparatus 101 stops the ballast pump 1. When the
process 1n step S108 1s finished, the whole process 1s

finished.
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Processes 1n the respective steps will now be described 1n
detail. In the description below, 1t 1s assumed that the
operator operates the control device 111. However, the same
processes can be carried out by operation of switches,
buttons, a display panel (touch panel), and the like of the
control device 112 by the operator.

FIG. 12 1s a diagram 1llustrating a process of step S101 of
FIG. 11. Referring to FIG. 12, the control device 111 starts
driving of the ballast pump 1. On the other hand, the
drainage pump 4 remains stopped. The control device 111
sets the valves 31, 32, and 35 to an open state and sets the
other valves to a closed state.

Untreated water 1s taken up from the sea by the ballast
pump 1, and passes through the lines 10 and 11. The
untreated water flows from the ballast pump 1 into the
filtering device 2 through the lines 12 and 13. The untreated
water 1s discharged from the filtering device 2 through the
line 16. Note that since the valve 34 1s closed, the untreated
water does not tlow from the filtering device 2 through the
line 15.

The filtering device 2 cleans the filter 61 using the
untreated water. As described with reference to FIG. 4 and
FIG. §, untreated water 1s ejected from the nozzle opening
67 while the filter 61 1s rotated by the motor 90. Suspensoid
adhering to the filter 61 1s removed by a pressure of the
untreated water and a rotating stream of water.

In the present embodiment, before seawater filtered by the
filtering device 2 1s supplied to the ultraviolet irradiation
device 3, the filter 61 1s cleaned by using seawater (untreated
water) introduced into the filtering device 2 while the valve
34 15 closed, as described above. Prior to the supply of
ballast water to the ballast tank 5, the filter 61 1s cleaned.
Accordingly, a problem of a decrease 1n the performance of
a treatment of ballast water can be prevented.

Furthermore, the untreated water i1s returned to the sea
through the lines 16 and 17. Thus, pipes forming the lines 16
and 17 can also be cleaned.

FIG. 13 1s a diagram 1llustrating a process of step S102 of
FIG. 11. Referring to FIG. 13, the control device 111 starts
driving of the drainage pump 4. In the case where the
processing mode 1s 1n the Ballast mode, the control device
111 can drive the drainage pump 4 automatically (for
example, after the lapse of a certain time) subsequent to the
driving of the ballast pump 1. On the other hand, 1n the case
where the processing mode 1s in the Manual mode, the
control device 111 drives the drainage pump 4 1n response to
an instruction mput by the operator. The control device 111
turther sets the valve 36 to an open state.

The control device 111 receives, from the flow meter 53,
a signal representing a tlow rate of untreated water tlowing
through the line 18. The control device 111 controls the
opening degree of the valve 36 so that, for example, the tlow
rate of untreated water flowing through the line 18 becomes
20 m>/h. This numerical value representing the flow rate is
an example, and the flow rate of untreated water flowing
through the line 18 1s not limited thereto.

The untreated water discharged from the filtering device
2 1s returned to the sea through the line 16 and lines 17 and
18. The drainage discharge of the drainage pump 4 1s smaller
than the discharge rate of the ballast pump 1. Accordingly,
in order to discharge, to the sea, untreated water supplied
from the ballast pump 1 to the filtering device 2, not only the
line 18 but also the line 17 1s used. The filter 61 1s cleaned
as 1 step S101.

FIG. 14 1s a diagram 1llustrating a process of step S103 of
FIG. 11. Referring to FIG. 14, the control device 111 opens

the valve 34 and closes the valve 35. Consequently, the
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untreated water filtered by the filtering device 2 1s sent to the
line 15. As described with reference to FIG. 4, the untreated
water 1s filtered by permeating from an outer circumierential

surface of the filter 61 to an 1nner circumierential surface of
the filter 61. The filtered untreated water 1s guided to the
filtered water flow path 64 through the intake holes 81
provided 1n the central pipe 80, and sent to the ultraviolet
irradiation device 3 through the line 15.

Furthermore, the control device 111 starts switching on of
the UV lamps 142 of the ultraviolet irradiation device 3. A
certain period of time 1s required until the 1lluminance of the
UV lamps 142 reaches a predetermined illuminance.
Accordingly, the amount of wrradiation of ultraviolet light
applied to the untreated water may be insuflicient to kall
microbes or bacteria contained in the untreated water. There-
tore, the control device 111 closes the valve 40 and opens the
valve 41. The untreated water passing through the ultraviolet
irradiation device 3 passes through the lines 19 and 22 and
1s returned to the sea. Thus, it 1s possible to prevent untreated
water for which the amount of irradiation of ultraviolet light
1s suilicient (1.e., for which the eflect of killing 1s 1sui-
ficient) from being sent to the ballast tank 5.

In addition, the UV lamps 142 can be cooled by allowing
the untreated water to pass through the ultraviolet 1irradiation
device 3. Thus, it 1s possible to suppress overheating of the
UV lamps 142 to which electricity 1s being supplied.

FIG. 15 1s a graph 1llustrating a switching-on process of
a UV lamp during water uptake. Referring to FIGS. 7 and
15, pumping of untreated water from a seawater environ-
ment to the ballast water treatment apparatus 101 1s started
at a time of t1. Immediately after the start of pumping of the
untreated water, the amount of 1rradiation of ultraviolet light
applied to the untreated water may be insuflicient because,
for example, air bubbles are contained in the untreated
water. Therefore, the illuminance of ultraviolet light mea-
sured by each of the 1lluminance sensors 144a to 144c¢ 1s low.
The control device 111 controls an electric power supplied
to each of the UV lamps 142 such that the 1lluminance of the
UV lamp 142 becomes maximum. Specifically, the control
device 111 sets a ratio of the electric power supplied to the
UV lamp 142 to a maxim electric power of the UV lamp 142
to 100%. The control device 111 instructs the ratio (1.e.,
100%) to the lamp power supply 143. This process can
reduce the time required for the switching-on process of the
UV lamps 142.

The electric power supplied to each of the UV lamps 142
reaches the maximum electric power at a time of 2. The
control device 111 gradually decreases the electric power
supplied to the UV lamp 142. Accordingly, the illuminance
of the UV lamp 142 temporarily reaches a peak and then
gradually decreases. At a time of ts, the 1lluminance detected
by each of the i1lluminance sensors 144a to 144¢ reaches a
target value. Thus, the switching-on process of the UV
lamps 142 1s completed.

After the time of ts, the control device 111 controls the
lamp power supply 143 so that the 1lluminance of each of the
UV lamps 142 1s maintained at the target value. Preferably,
the amount of electric power supplied to each of the UV
lamps 142 1s an amount of electric power predetermined so
as to obtain a minimum illuminance necessary for killing
microbes or bacteria in untreated water. Accordingly, the
power consumption of the UV lamps 142 can be saved.

In this manner, the control device 111 controls the electric
power supplied to each of the UV lamps 142 so that the
illuminance of the UV lamp 142 becomes a maximum value.
When the 1lluminance of the UV lamp reaches the maximum
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value, the control device 111 decreases the i1lluminance of
the UV lamp 142 to the target value.

FIG. 16 1s a diagram 1llustrating a process of step S104 of
FIG. 11. Referring to FIG. 16, the control device 111 opens
the valves 40 and 44, and closes the valve 41. The untreated
water 1s {iltered by the filtering device 2 and 1rradiated with
ultraviolet light 1n the ultraviolet wrradiation device 3. The
untreated water that has been 1rradiated with ultraviolet light
1s stored as ballast water in the ballast tank 5.

The control device 111 determines the opening degree of
the valves 40 and 44 on the basis of a flow rate shown by the
flow meter 54. In this structure, the valve 32 1s provided
between the ballast pump 1 and the filtering device 2.
Untreated water 1s discharged from the ballast pump 1 at a
certain discharge pressure. However, after the untreated
water passes through the valve 32, the pressure of the
untreated water decreases. Some of the untreated water
flowing 1n the filtering device 2 1s suctioned by the drainage
pump 4, thereby ensuring a flow rate of untreated water
(ballast water) tlowing through the line 15, the ultraviolet
irradiation device 3, and the lines 20 and 21. That 1s, the
performance of a treatment of ballast water can be ensured.

In addition, by cleaning the filter 61 of the filtering device
2 during the switching-on process of the UV lamps 142 or
betore the start of the switching-on process of the UV lamps
142, the treatment of unfiltered water can be performed
immediately after the completion of the switching-on pro-
cess of the UV lamps 142. Accordingly, a start-up time of the
ballast water treatment apparatus 101 can be shortened.

FIG. 17 1s a diagram 1llustrating a process of steps S105
and S106 of FIG. 11. Referring to FIG. 17, the supply of
ballast water to the ballast tank 5 1s stopped. For example,
the operator checks the water level of the ballast tank 5 and
pushes the BWMS stop button 128. Consequently, an
instruction for stopping the supply of ballast water 1s sent to
the control device 111. In response to this instruction, the
control device 111 closes the valves 40 and 44 and opens the
valve 41. Consequently, as 1n the process of step S104 (refer
to FIG. 14), the untreated water passing through the ultra-
violet 1rradiation device 3 passes through the line 22 and 1s

returned to the sea. Furthermore, the control device 111
switches off the UV lamps 142 of the ultraviolet 1rradiation
device 3. Also after the UV lamps 142 are switched off,
untreated water 1s still allowed to pass through the ultravio-
let 1rradiation device 3. Thus, the effect of cooling the UV
lamps 142 can be obtained.

FIG. 18 1s a diagram 1llustrating a part of a process of step
S107 of FIG. 11. Referring to FI1G. 18, the control device 111
closes the valve 34 and opens the valve 35. Consequently, as
in the process of step S102 (refer to FIG. 13), the untreated
water flowing 1n the filtering device 2 1s returned to the sea
without being sent to the ultraviolet irradiation device 3.

FIG. 19 1s a diagram 1llustrating a process subsequent to
the process shown in FIG. 18. Referning to FIG. 19, the
control device 111 stops the drainage pump 4. Furthermore,
the control device 111 closes the valve 36. Consequently, as
in the process of step S101 (refer to FIG. 12), the filtering
device 2 discharges untreated water from the line 16 without
filtering the untreated water. Subsequently, a process of step
S108 15 carried out, and the ballast pump 1 1s stopped. Thus,
the process during water uptake (process in the Ballast

mode) 1s finished.

3. Process in BWMS Mode (De-Ballast Mode)

FIG. 20 1s a flowchart explaining a process during dis-
charge of ballast water, according to an embodiment of the
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present invention. An outline of a process during discharge
ol ballast water will be described with reference to FIGS. 1
and 20.

First, in step S201, the ballast water treatment apparatus
101 starts driving of the ballast pump 1. Valves are con-
trolled so that ballast water stored in the ballast tank 3 1s
circulated in the ballast water treatment apparatus 101 by the
ballast pump 1.

In step S202, switching on of the UV lamps 142 1s started.
When the switching on of the UV lamps 142 1s completed,
discharge of the ballast water 1s started 1n step S203. The
ballast water 1s taken out from the ballast tank 5 and sent to
the ultraviolet 1rradiation device 3. After the ballast water 1s
irradiated with ultraviolet light, the ballast water 1s dis-
charged 1nto the sea.

In step S204, the ballast water treatment apparatus 101
circulates the ballast water again. Furthermore, the ballast
water treatment apparatus 101 switches off the UV lamps
142. The circulation of the ballast water 1s carried out for a
predetermined period of time.

In step S205, the ballast water treatment apparatus 101
stops the ballast pump 1. Thus, the process 1s finished.

In the present embodiment, ballast water 1s 1irradiated with
ultraviolet light for a time and then discharged into the sea.
As described above, during the ballast water uptake, ballast
water 1s wrradiated with ultraviolet light in order to kall
microbes. However, during the ballast water uptake,
microbes 1n water may not be completely killed. In the
present embodiment, ballast water 1s irradiated with ultra-
violet light by the ultraviolet irradiation device 3 1mmedi-
ately before the ballast water 1s discharged 1nto the sea. This
process further enhances the eflect of preventing ballast
water discharged into the sea from aflecting the ecosystem
in a seawater environment.

Since untreated water 1s subjected to a filtering process
during the water uptake, large foreign substances have been
removed from the untreated water. Accordingly, in the
present embodiment, the filtering process 1s omitted during,
discharge of ballast water.

FIG. 21 1s a diagram 1illustrating a process of steps S201
and S202 of FIG. 20. Referring to FIG. 21, the control
device 111 starts driving of the ballast pump 1.

Furthermore, the control device 111 sets the valves 44, 42,
33, and 40 to an open state and sets other valves to a closed
state. Ballast water 1n the ballast tank 5 1s pumped by the
ballast pump 1 and passes through the lines 23 and 11.
Furthermore, the ballast water pumped from the ballast
pump 1 circulates by passing through the lines 21, 23, 11, 12,
14, 19, and 20. That 1s, the lines 21, 23, 11, 12, 14, 19, and
20 form a circulation path in which the ballast water
circulates and receives ultraviolet light emitted from the UV
lamps 142 of the ultraviolet wrradiation device 3.

Filtration by the filtering device 2 can be made unneces-
sary by allowing ballast water to pass through a path (line
14) which bypasses the filtering device 2. Accordingly, the
process during discharge of ballast water can be simplified.

Furthermore, the control device 111 switches on the UV
lamps 142 of the ultraviolet 1rradiation device 3. The UV
lamps 142 can be cooled by allowing untreated water to pass
through the ultraviolet irradiation device 3. Thus, 1t 1s
possible to suppress overheating of the UV lamps 142 to
which electricity 1s being supplied.

FI1G. 22 1s a graph illustrating a switching-on process of
a UV lamp during discharge of water. Referring to FIG. 22,
circulation of ballast water 1s started in the ballast water
treatment apparatus 101 at a time of t11. The control device
111 controls the lamp power supply 143 so as to supply a
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maximum electric power to each of the UV lamps 142. That
1s, the control device 111 sets a ratio of an electric power
supplied to the UV lamp 142 to the maximum electric power
of the UV lamp 142 to 100% and instructs the ratio (i.e.,
100%) to the lamp power supply 143.

At a time of t12, the electric power supplied to the UV
lamp 142 reaches the maximum electric power. The control
device 111 sets, from the time of t12, the ballast water
treatment apparatus to a state 1n which the apparatus can be
operated. This process can reduce the time required until the
ultraviolet 1rradiation process can be performed. By setting
the electric power supplied to the UV lamp 142 to the
maximum electric power for the UV lamp 142, the amount
of 1irradiation of ultraviolet light applied to the ballast water
can be increased. Accordingly, the ultraviolet irradiation
process can be started within a short time from the start of
the switching on of the UV lamps 142.

Immediately after starting pumping of ballast water from
the ballast tank 5, the turbidity of the ballast water may
increase temporarily. For example, i1t 1s assumed that the
turbidity of the ballast water temporarily increases due to
swirl of precipitate deposited 1n the ballast tank 5. In such a
case, 1n order to make the amount of irradiation of ultraviolet
light applied to the ballast water suflicient, for example, as
shown by the straight line L1, a maximum electric power 1s
supplied to the UV lamp 142. That 1s, at the time of t12 and
thereafter, a state where the maximum electric power 1s
supplied to the UV lamp 142 1s continued for a certain
period of time.

Subsequently, when the turbidity of the ballast water
decreases, the control device 111 controls the lamp power
supply 143 so that the electric power supplied to each of the
UV lamps 142 decreases gradually.

Alternatively, 1n the case where the turbidity of untreated
water 1s not particularly high, the control device 111 controls
the lamp power supply 143 as shown by the curved line L2.
That 1s, after the electric power supplied to each of the UV
lamps 142 reaches the maximum electric power, the control
device 111 controls the lamp power supply 143 so that the
clectric power supplied to the UV lamp 142 gradually
decreases. In such a case, as 1n the case shown 1n FIG. 15,
the 1lluminance of the UV lamp 142 temporarily reaches a
peak and then gradually decreases.

During the switching-on process of the UV lamps 142,
since the ballast water passes through the circulation path,
the ballast water 1s not discharged from the ballast water
treatment apparatus 101. In a state where the amount of
ultraviolet 1rradiation 1s suflicient after the completion of the
switching-on process of the UV lamps 142, the ballast water
1s 1rradiated with ultraviolet light and discharged from the
ballast water treatment apparatus 101. Accordingly, the
ellect of killing microbes contained 1n the ballast water can
be increased.

FIG. 23 1s a diagram 1llustrating a process of step S203 of
FIG. 20. Referring to FIG. 23, the control device 111 sets the
valve 41 to an open state. On the other hand, the control
device 111 sets the valve 40 to a closed state. Accordingly,
the ballast water 1s 1rradiated with ultraviolet light when
passing through the ultraviolet irradiation device 3. The
ballast water then passes through the line 22 and 1s dis-

charged into the sea.
The lines 21, 23, 11, 12, 14, 19, and 22 form a discharge

path for discharging ballast water from the ballast tank 5 that
stores the ballast water. When the ballast water passes
through the discharge path and 1s discharged from the ballast
tank 5, the ballast water 1s irradiated with ultraviolet light
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from the ultraviolet wrradiation device 3. Accordingly,
microbes 1n the ballast water can be killed.

The circulation path and the discharge path are switched
by opening one of the valves 40 and 41 and closing the other
valve. The valves 40 and 41 form a switching portion for
switching the path through which the ballast water flows
between the circulation path and the discharge path. In
addition, a path formed by the lines 21, 23, 11, 12, 14, and
19 1s common to the circulation path and the discharge path.
As shown in FIG. 7, the UV lamps 142 are arranged between
the line 15 and the line 19. That 1s, the UV lamps 142 are
provided in the path common to the circulation path and the
discharge path.

FIG. 24 1s a diagram 1illustrating a process of step S204 of
FIG. 20. Referring to FIG. 24, the control device 111 sets the
valve 40 to an open state. On the other hand, the control
device 111 sets the valve 41 to a closed state. Consequently,
the ballast water again passes through the circulation path of
the ballast water treatment apparatus 101.

Furthermore, the control device 111 switches off the UV
lamps 142 of the ultraviolet irradiation device 3. After the
UV lamps 142 are switched ofl, the control device 111 still
allows untreated water to pass through the ultraviolet irra-
diation device 3. Accordingly, the effect of cooling the UV
lamps 142 can be obtained. Subsequently, 1n step S203, the
control device 111 stops the ballast pump 1.

4. Process in BYPASS Mode (Intake of Ballast Water)

In the bypass mode, intake and discharge of ballast water
are performed without passing through the ballast water
treatment apparatus 101. FIG. 25 1s a diagram 1llustrating
intake of ballast water 1n the BYPASS mode. Referring to
FIG. 25, the control device 111 sets the valves 31, 43, 40,
and 44 to an open state and sets the other valves to a closed
state. Next, the control device 111 starts driving of the ballast
pump 1.

Seawater passes through the lines 10 and 11 and 1is
pumped by the ballast pump 1. The seawater discharged
from the ballast pump 1 passes through the lines 12, 24, 20,
and 21 and 1s sent to the ballast tank 3.

5. Process in BYPASS Mode (Discharge of Ballast Water)

FI1G. 26 15 a diagram 1llustrating discharge of ballast water
in the BYPASS mode. Referring to FIG. 26, the control
device 111 sets the valves 41, 42, 43, and 44 to an open state
and sets the other valves to a closed state. Next, the control
device 111 starts driving of the ballast pump 1.

The ballast water 1s pumped from the ballast tank 5 by the
ballast pump 1 and passes through the lines 23 and 11. The
seawater discharged from the ballast pump 1 passes through
the lines 12, 24, and 22 and is discharged into the sea.

As described with reference to FIGS. 18 and 19, in the
BWMS mode, after ballast water 1s loaded into the ballast
tank 5, the filter 61 of the filtering device 2 1s cleaned. In an
embodiment, the filter 61 1s cleaned by ejecting untreated
water (seawater pumped by the ballast pump 1) onto an outer
circumierential surface of the filter 61. In addition to this
cleaning, reverse cleaning of the filter 61 may be performed.

FIG. 27 1s a diagram showing a structural example for
performing reverse cleaning of a filter 61 of a filtering device
2. Reterring to FIG. 27, a reverse cleaning device 2A
includes a cleaning water tank 68, valves 37 and 38, and
lines 25, 26, and 27 realized by arranging a pipe.

Next, a reverse cleaming method will be described. First,
cleaning water 1s prepared. In a filtering process, valves 32,
35, and 34 are set to an open state, and a valve 33 and the
valve 37 are set to a closed state. The valve 38 for releasing,
a pressure 1s provided in the line 26 and on an upper portion
of the cleaning water tank 68. The valve 38 1s set to an open
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state. Furthermore, the valve 37 1s provided in the line 25
branched from a line 15. When the valve 37 1s set to an open
state, filtered water from a filtering device 2 flows in the
cleaning water tank 68 and 1s stored in the cleaning water
tank 68. When a required amount of cleaning water 1s stored,
the valve 37 1s set to a closed state. Note that filtered water
may not necessarlly be used as the cleaming water. For
example, tap water or the like may be introduced into the
cleaning water tank 68.

After the preparation of cleaning water, reverse cleaning
of the filter 61 1s performed. The control device 111 sets the
valves 32, 33, and 35 to a closed state to stop a usual filtering
process. The control device 111 sets the valve 37 to an open
state and sets the valve 38 to a closed state. Thus, a case 63
of the filtering device 2 1s connected to the cleaning water
tank 68 through the line 15, and all the other flow paths are
closed. In this state, compressed air or the like 1s allowed to
flow 1n the pressurizing pipe 27 to apply a pressure to the
cleaning water. The cleaning water may be pressurized 1n a
state where the valve 37 1s closed, and the valve 37 may then
be opened. The inside of the whole of the case 63, the line
15, and the cleaning water tank 68 1s maintained in a
pressurized state.

Next, the valve 35 1s opened (set to an open state).
Consequently, the cleaning water passes from the cleaning
water tank 68 to the line 15 and permeates through the filter
61. The cleaning water passes from the case 63 to the line 16
and 1s discharged to the outside at one time. That 1s, the
cleaning water flows through the filter 61 serving as a
filtration membrane within a short time i1n a direction
opposite to a direction 1n which water tflows during filtering.
The cleaning water flows through the filtered water tlow
path 64 and is ejected from the intake holes 81 of the central
pipe 80. The cleaning water passes through the filter 61 from
an mner circumierential surface of the filter 61 to an outer
circumierential surface of the filter 61. Consequently, sub-
stances, for example, adhering to the outer circumierential
surface of the filter 61 are removed from the outer circum-
ferential surface of the filter 61, and thus the filter 61 1s
cleaned.

After the cleaning water stored 1n the cleaning water tank
68 1s used 1n reverse cleaning by application of a pressure
through the above operation, the control device 111 sets the
valves 32, 34, and 35 to an open state and sets the valves 33
and 37 to a closed state so that the filtering device 2 performs
the usual filtering process. In this state, since cleaning water
can be stored again in the cleaning water tank 68 by opening
the valves 37 and 38, the cleaning operation can be repeated.

The motor 90 may be stopped during the cleanming opera-
tion. However, the motor 90 1s preferably driven because a
high cleaning eflect 1s obtained by performing reverse
cleaning of the filter 61 while the filter 61 1s rotated. The
reason for this 1s that, 1n addition to the pressure of cleaning
water from the mside of the cylinder, a centritugal force due
to the rotation of the cylinder 1s applied to substances
adhering to the outer circumierential surface of the cylin-
drical, pleated filter 61, and thus filtered substances are more
casily removed. The filter 61 can be eflectively cleaned by
performing reverse cleaning of the filter 61 1n a rotational
state, as described above. Furthermore, even when vibra-
tions of the whole filter 61 are added to the rotation, an
increase in the eflect of cleaning the filter 61 can be
expected.

Furthermore, the filter 61 may be cleaned by using a
chemical. As shown 1in FIGS. 4 and 27, a chemical inlet 70
1s provided on a lid portion of the case 63. The filtering
device 2 can be operated for a long period of time by
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performing reverse cleaning of the filter 61. However, there
may be substances that cannot be removed by such a
mechanical cleaning and that are gradually deposited on a
surface of the filter 61. The lifetime of the filter 61 can be
extended by using the cleaning with a chemical 1n combi-
nation.

The cleaning with a chemical can be performed by the
following procedure using the chemical inlet. First, the
filtering operation and the operation of reverse cleaning are
stopped. The filter 61 may be stopped or may be 1 a
rotational state. All the valves are set to a closed state so that
the mside of the case 63 1s maintained 1n a state 1n which
untreated water or filtered water 1s left and the filter 61 1s
immersed in water. In this state, a chemical for cleaning is
poured from the chemical inlet 70.

In the case where the filter 61 1s already 1n a rotational
state, the rotational state 1s maintained as 1t 1s. On the other
hand, 1n the case where the filter 61 1s 1n a stopped state, the
motor 90 1s rotated so that the filter 61 becomes 1 a
rotational state. This state 1s maintained for a certain period
of time until the chemical spreads over the rotating filter 61
and the outer circumierential surface of the filter 61 1is
suiliciently cleaned. Subsequently, the valve 35 1s opened to
discharge water (containing the chemical) 1n the case 63. A
neutralizing solution may be further poured belfore the
discharge of water or a process of neutralization or the like
may be performed after the discharge of water depending on
the type of chemical used.

As described above, according to an embodiment of the
present invention, the filter of the filtering device 2 1s
cleaned prior to a process of supplying untreated water to the
ballast tank 5, that 1s, a process of filtering by the filtering
device 2 and a process of ultraviolet irradiation by the
ultraviolet irradiation device 3. Accordingly, 1t 1s possible to
reduce the possibility of poor filtration performance when
the processes of untreated water (filtration by the filtering
device 2 and ultraviolet irradiation by the ultraviolet irra-
diation device 3) are started. A decrease in the filtration
performance of the filter results in a problem of, for
example, a decrease 1n the performance for treating ballast
water by a treatment apparatus. The performance of a
treatment of ballast water when ballast water 1s loaded 1nto
a ship can be improved by cleaning the filter 1n advance.
Accordingly, 1t 1s possible to prevent an increase 1n the time
necessary for storing ballast water in a ballast tank.

In the present embodiment, the control devices 111 and
112 are configured as devices capable of not only controlling
the ballast water management system 100 but also setting
the operation mode of the ballast water management system
100 by an operator. However, the number of setting devices
may be two or more, and the number of control devices of
the ballast water management system 100 may be one.
Specifically, the ballast water management system may be
configured so that the one control device receives setting
determined 1n the plurality of setting devices. In such an
embodiment, 1n the case where setting of the operation mode
of the ballast water management system 100 1s the same
among the plurality of setting devices, the control device
allows the ballast water management system 100 to operate
in the operation mode. Also i1n this configuration, 1t is
possible to prevent the ballast water management system
100 from operating in an operation mode that 1s not intended
by an operator. In addition, by separately arranging a plu-
rality of setting devices 1n a ship, the operator can use a
setting device arranged near the operator. Thus, convenmience
of the operator can be enhanced.
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It 1s to be understood that the embodiments disclosed
herein are only illustrative and are not restrictive i all
respects. The scope of the present invention 1s defined not by
the above description but by the claims described below, and
it 1s intended that the scope of the present invention includes
equivalents of the claims and all modifications within the
scope of the claims.

The mvention claimed 1s:

1. A ballast water treatment apparatus comprising:

a filtering device including a filter for filtering seawater
and a supply port for unfiltered seawater to be filtered
to enter the filtering device;

an ultraviolet irradiation device that 1irradiates the seawa-
ter filtered by the filter with ultraviolet light;

a first path for supplying the seawater filtered by the
filtering device to the ultraviolet irradiation device;

a discharge water path for discharging the seawater
remaining in the filtering device;

a first valve provided in the first path;

a second path for supplying the seawater flowing from the
ultraviolet irradiation device to a ballast tank: and

a control device that, upon receiving an nstruction to treat
the seawater and supply 1t to the ballast tank, closes the
first valve for cleaning the filter,

a third path for discharging the seawater tlowing from the
ultraviolet 1rradiation device outside the ultraviolet
irradiation device, the third path being branched from
the second path;

a second valve provided in the second path; and

a third valve provided 1n the third path,

wherein, when the control device closes the first valve, the
filtering device 1s configured to clean the filter by using
unfiltered seawater imtroduced into the filtering device
through the supply port and exiting through the dis-
charge water path before opening the first valve to
allow the seawater filtered by the filtering device to be
supplied to the ultraviolet irradiation device,

the ultraviolet 1rradiation device includes an ultraviolet
lamp, and during a switching-on process of the ultra-
violet lamp, the control device sets the first valve and
the third valve to an open state and sets the second
valve to a closed state, and when the switching on of the
ultraviolet lamp 1s completed, the control device sets
the second valve to an open state and sets the third
valve to a closed state,

in the switching-on process of the ultraviolet lamp, the
control device controls an electric power supplied to
the ultraviolet lamp such that an illuminance of the
ultraviolet lamp becomes a maximum value, and when
the illuminance of the ultraviolet lamp reaches the
maximum value, the control device decreases the 1llu-
minance of the ultraviolet lamp to a target value, and

after the ultraviolet lamp 1s switched off, the control
device sets the second valve to a closed state and sets
the third valve to an open state.

2. The ballast water treatment apparatus according to
claim 1, further comprising a reverse cleaning device that
supplies cleaning water to the filtering device through the
first path.

3. A ballast water management system comprising:

the ballast water treatment apparatus according to claim 1;

a pump for supplying the seawater to the filtering device;
and

a ballast tank for storing the seawater supplied through the
second path.

4. The ballast water management system according to

claam 3, further comprising a bypass system for feeding
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seawater 1nto the ballast tank and discharging seawater from
the ballast tank while bypassing the ballast water treatment
apparatus.
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